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Nghién citu anh huéng cia nong do6 pha tap Eu’* 1én cau truc va
tinh chat phat quang ctia vat liéu nano NaYF:Eu’ "
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TOM TAT

Trong nghién ctiu nay, tinh thé nano NaYF4 cau tric luc gic (hexagonal) pha tap ion dat hiém Eu3*
(NaYF4:Eu3t) dugc ché tao bang phuong phap nhiét dung méi & nhiét d6 180°C trong 24 gid. Phé
dao déng thé hién cac lién két hiu co dac trung cho dao dong clia oleic acid trén bé mat vat liéu.
Su hién dién clia céc nguyén t6 Na, Y, F va Eu dugc xac nhan thong qua phé tén xa nang lugng tia X
(EDX). Gian dé nhiéu xa tia X (XRD) cho théy cau trdc tinh thé luc giac clia vat liéu nén NaYF4 khong
thay d&i khi néng dé pha tap 5% mol va xudt hién thém pha tinh thé lap phuang khi tang néng do
pha tap d&n 10% mol. Két qua tinh toan tir dir liéu XRD va anh TEM cho thdy kich thudc tinh thé
ting nhe theo néng dd pha tap ion Eut. K&t qua khao sét phé quang phét quang (PL) dudi budc
séng kich thich 395 nm chi ra rang ty lé gitta buic xa mau cam va mau do c6 thé dugce diéu chinh
b&ng cach thay déi néng dé tap chat va ndng doé pha tap Eu3t t6i uu cho cudng d6 phat quang
cao nhét la 7% mol. Bong thai, dang phd PL va ti s6 tich phan cudng doé gitra buic xa mau doé va
mau cam dua ra b&ng chiing cho thay maét phan ion Eu3t thay thé & vi tri Y3T ctia mang tinh thé
nén. Do do, NaYF4:Eu cé thé [a vat liéu tiém nang cho cac ing dung trong y sinh hoc, quang dién
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GIGI THIEU

Vit liéu nano pha tap cdc ion dat hiém hoa tri 3 cé
viing phat quang trai dai tit viing kha kién dén hong
ngoai dang thu hut nhiéu nghién ctu do dic tinh
phét quang manh, vach phd hep va thoi gian séng
dai. Hiéu suit phat quang cua cac ion dat hiém phu
thudc nhiéu vao mang nén, noéng d6 pha tap va cac
phuong phép t6ng hop !=>. Vi vdy, viéc nghién ciiu
cac phuong phap ché tao hat nano pha tap dat hi€ém
c6 hiéu suit phat quang cao, d6 min, d6 déng déu
cao va kha nang phan tan trong cic dung méi khac
nhau ciing nhu viéc lua chon mang nén cho pha tap
dat hiém 1a rit quan trong. Trong cic phuong phép
téng hgp vat liéu nano tit trude dén nay, phuong phép
nhiét dung moi gan day da dugc st dung nhiéu va da
thanh cdng trong tdng hgp vat liéu nano phat quang
pha tap d4t hiém bai nhiéu nhém nghién ctiu®~’. Céc
vatliéu nén géc oxide hodc fluoride thudng dugc chon
dé€ pha tap dit hiém goém $n0, 8, TiO,?, Y,03'9,
YVO4 !, NaYE, '>13 ... Trong d6, vat liéu nén géc
fluoride déc biét dugc quan tdm do tinh uvu viét clia
né nhu bén héa hoc ngoai ra nang lugng phonon thap
(~350 cm~!) do d6 han ché dugc cic qué trinh tai hgp
khong biic xa, vi vay diy dugc xem la mot mang nén
li tudng cho viéc pha tap cic ion dit hiém !4, Tinh
thé NaYF, ton tai hai ciu trac alpha - 14p phuong va

beta - luc giac, trong d6 cdu tric luc gidc sé bén hon
va c6 dic tinh quang phat quang t6t hon ciu tric lap
phuong '>1°. Do d6 yéu cdu dit ra cho cac nha nghién
ctiu 1a diéu khién cdc thong s6 ché tao nhu nhiét do
va thoi gian nhiét dung mai, ti 1¢ gitia cac tién chit,
chét hoat dong bé mit... d€ tao ra dugc vat liéu nano
NaYFy cdu truc luc giac.

Nghién ctiu nay, nhdm ché tao dugc cac hat nano tinh
thé NaYF, pha tap Eu3™ ¢6 cu tric luc gidc vanghién
ctiu anh hudng ctia n6ng do pha tap 1én ciu tric, tinh
chét phat quang cta vat liéu.

VAT LIEU VA PHUONG PHAP

Quy trinh ché tao hat nano NaYF,4 khong pha tap va
pha tap Eu?" véi cac néng d6 khac nhau dugc thuc
hién qua 2 giai doan dugc mo ta chi tiét & Hinh 1. Céc
phén tGing xay ra trong mdi giai doan dugc thé hién &
phuong trinh 1.1, 1.2 va 1.3.

Giai doan 1: Téng hgp mudi RE stearate

Céc phan ting tao mudi stearate xay ra:

Eu3t +3 C17H35CO0O™ — Eu(Cy7H35C0O0)3 (1.1)
Y3+ 43 C7H35C00~ — Y(C17H35C00)3 (1.2)
Giai doan 2: Phan tng tao hat nano NaYF, xdy ra
trong qua trinh nhiét dung moi & 180°C trong 24 gio.
Y3+ + Nat + 4 F~— NaYFy4 (1.3)

Trich dan bai bdo nay: Giang L TT, Dung C T M, Van T T T. Nghién citu 3nh huéng cia néng d6 pha tap
Eu" Ién cdu tric va tinh chat phat quang chia vat liéu nano NaYF4Eut. Sci. Tech. Dev. J. - Nat. Sci;

5(1):984-992.
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Hinh 1: Quy trinh ché tao vat liéu NaYF4:Eu a) giai doan 1; b) giai doan 2

Céc mau NaYF, khong pha tap va pha tap véi cac
ndéng do khac nhau (2%, 5%, 7% va 10% mol) dugc
ky hiéu lan lugt la: Na, Na2E, Na5E, Na7E va NalOE.
Trong qua trinh rda hat, st dung dau phét siéu am
Hielscher @7mm c6ng suit 16n 50-100W dugc st
dung d€ phén tdn déu cic hat nano trong dung moi
ethanol. Két qué phén tich nhiéu xa tia X (XRD)
dugc thuc hién trén thiét bi BRUKER XRD-D8 AD-
VANCE, Dtic véi budc séng tia X 1a Cug, =1,5418 A.
Phd Raman dugc ghi nhan trén phd ké micro-Raman
XploRA (Horiba JOBIN YVON) st dung laser kich
thich 532 nm. Phd hong ngoai bién déi Fourier (FT-
IR) trong viing 500-3000 cm ™! dugc ghi trén méy
Bruker Vertex70. Hinh thai cta vat liéu dugc nghién
ctiu bang thiét bi kinh hién vi dién td truyén qua
(TEM) Philips CM30, trong d6 mau bét duge phin
tan trong ethanol va huyén phu dugc nho trén ludi
dong. Phén bd kich thudc hat dugc xac dinh dua
vao anh TEM va phin mém Image]. Phé kich thich
huynh quang va quang phét quang dugc do trén phé
ké Nanolog (Horiba) sti dung nguén deén kich thich
Xenon.

KET QUA VA THAO LUAN

Pac tinh cau tric va hinh thai vat liéu

Ph6 Raman va FT-IR ctia miu NaYFy pha tap 5% mol
Eu?*t dugc sti dung d€ phan tich c&u tric va dao dong
clia cdc hgp chét hitu co con lai trong mau (Hinh 2).
Ph& Raman thé hién viing dic trung cho dao dong cuia
mang nén cdu truc tinh thé luc gidc ctia NaYF4 véi s6
song tli 200-500 cm ™! gdm céc dinh phd 292 cm ™,
388 cm~! va 418 cm ! 1718, Vang phé ¢6 s6 song
16n hon 1000 cm™! 14 ctia cac dao dong dic trung
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cho hgp chit hitu co. Nhiing lién két dic trung cta
acid oleic (C;7H33COOH) tuong ting dinh tai s6 séng
1299 cm ! diic trung cho dao dong hoa tri ctia lién két
C-H (-CH;- ctia day alkane). Ngoai ra, trén phd Ra-
man va FT-IR déu quan sat thiy cac dao dong ctia oleic
acid tuong tng lién két C-H (R-CH») véi dinh kép
6 56 song trong viing 1419 cm ™! va 1455 cm !, dao
dong hoa tri khong bao hoa ctia lién két C=C (Trans)
6 s6 song trong ving 1682 cm™! ¥, Cac dinh tai s6
song 2931 em~! va 2847 cm~! 1a dao dong hoa tri
bat d6i xting va déi xung cua lién két C-H (R-CH;-
R), dinh tai 1172 cm ™! dac trung cho dao dong xodn
CH;- trong chudi carboxylate ctia oleic acid cting xuat
hién trong phé héng ngoai ctia mau?’.

Hinh 3 thé hién gidn d6 nhiéu xa tia X ctia cic mau
NaYF, khong pha tap va pha tap Eu3*t véi cic nong
d6 khac nhau (5 va 10% mol). Gian d6 XRD cua
mau chudn (JPCDS 16-0334) ciing dugc dua vao dé
so sanh. Phé ctia mau NaYF, khong pha tap chi xuét
hién cac dinh tai vi tri géc 2 theta = 17,23°; 29,99%
30,82°; 34,80°; 39,68°; 43,50°; 46,58°; 51,98°; 53,19°;
53,64° va 55,14° tuong ung véi cac mét mang (100),
(110), (101), (200), (111), (201), (210), (002), (300),
(211) va (102) ctia céu truc luc gidc pha beta. Dai
v6i cdc mau pha tap 5% va 10% mol, gidan d6 XRD
ciing xudt hién cdc dinh dic trung cho céu tric luc
gidc ctia vat liéu nén NaYF,. Riéng mau pha tap 10%
mol xuat hién thém cic dinh & vi tri 2 theta = 28,5°;
47°; 56,3° tuong ung voi mdt mang (111), (220) va
(311) ctia cdu truc 1ap phuong pha alpha (JPCDS 77-
2042). Két qua nay cho théy su pha tap Eu’t khong
dan dén sy hinh thanh céc pha trung gian gitta Eu’"
va vat liéu nén NaYF4 mdc du néng d6 pha tap 1én



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 5(1):984-992

ong dj tan xa

wo

C

100

od

enb u%ﬁn.u

(%)

]
(=2]
Y

1
[=1]
%]

Raman ;

60

500 1000 1500

2000 2500 3000

S6 song (cm™)

Hinh 2: Phé Raman va phé FT-IR cia m&u NaYF4: 5%Eu

dén 10% mol. Cac dinh ddc trung cho céu truc tinh
thé ctia NaYF, trong mau pha tap dich chuyén nhe vé
phia géc nhiéu xa nho (Hinh 3 - anh phoéng dai) ching
to da xudt hién ng suft cing trong mang tinh thé ca
NaYF,. Diéu nay dugc gidi thich 14 do cac ion Eu®*
c6 ban kinh 0,947 A 16n hon ban kinh cia ion Y3+ 0,9
A nén khi Eu?* dugc pha tap trong mang nén NaYFy
va qué trinh Eu?" thay thé vi tri ctia ion Y3T xdy ra sé
tao ra Ung sudt cang trong mang nén.
DPéxac dinh cac hang s6 mang a, ¢ ctia tinh thé NaYF,
cdu truc luc giac tu dii liéu XRD, cdng thiic (1.4) dugc
sti dung.
14 (R +hk+i* | P
273 (7)+— (1.4)

a? c?

Trong do: h, k, 11a chi s6 Miller ciia mdt mang tinh
thé; d 1a khoang cach gitia cic mdt mang; a va c1a cac
hing s6 mang ctia 6 don vi.

Ngoai ra, cong thiic Halder-Wagner-Langford ciing
dugc st dung dé tinh kich thuéc tinh thé trung binh
c6 xét dén ting suit mang tinh thé epsilon?!.

(5) ot ()
@ (@) \2

trong d6: B* = P00 v g+ = 200 y45 B 13 46 ban
rong cta dinh nhiéu xa (FWHM), 6: goc nhiéu xa, 4

(1.5)

. 2
= 1,504 A. D6 thi biéu dién sy phu thudc cta (%)

B*
theo @

truc tung ctia d6 thi cho gid tri tng suit epsilon va

dugc fit theo ham tuyén tinh. Gid tri cat

dd doc ctia dudng tuyén tinh 1a nghich déo cta kich
thudc tinh thé. Trong nghién ctiu nay, gid tri Gng suét
tinh ti di liéu XRD c6 gid trj rdt nho, vi vay su m&
réng vach nhiéu xa phén 16n la do déng gép ctia kich
thudc tinh thé. Két qua tinh kich thudc tinh thé, hing
s6 mang dugc thé hién & Bang 1.

Két qua cho thdy kich thudc tinh thé trung binh tang
nhe theo ndng d6 Eu>™ trong khi hing s6 manga, c va
thé tich 6 don vi thay d6i khong déng ké theo nong do
pha tap. Tu cac két qua thu dugc cho théy su pha tap
Eu3* vio mang nén NaYF, anh hudng khong déng ké
dén pha tinh thé cta vat liéu du néng do pha tap 1én
dén 10% mol.

Hinh thai va kich thuéc hat

Dékiém tra hinh thai va kich thudc hat, phuong phéap
phén tich kinh hién vi dién ti truyén qua (TEM) dugc
sti dung. Anh TEM (Hinh 4) cho théy da s6 cac hat
NaYF,:Eu c6 dang hinh cdu, phan b6 roi rac va kha
dong nhat. Két qua phan tich théng ké kich thudc
hat ctia mau NaYF, khong pha tap va pha tap 5% mol
Eu’* cho thdy ham phén bé kich thudc hat tuén theo
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Bang 1: K&t qua tinh hing s6 mang a, ¢; kich thudc tinh thé D va thé tich 6 don viV

Mau D (nm) a=b(A) c(A) V(A?)
Na 45,7 0,5931 0,351 0,3205
Na5E 49,6 0,5954 0,352 0,3236
NalOE 52,2 0,5925 0,344 0,3136
e-NaYF, 2| [ G
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Hinh 3: Gian d6 XRD ctia mau NaYF, khong pha tap (Na) va NaYF, pha tap Eu’tvéi ndng d6 5% (Na5E), 10%
(Na10E). Anh nhé: Hinh phéng dai dinh nhiéu xa tuong ting mat mang (110) va (101)

phén bé Gauss va kich thudéc hat trung binh tuong
tng la 27 nm va 32 nm. Kich thudc hat nhé hon so
v6i dit liéu XRD tuy nhién khuynh huéng kich thuéc
hat tang theo néng d6 pha tap thi hoan toan phtt hgp
v6i tinh toan tii XRD.

Phé tan xa nang lugng tia X (EDX)

Thanh phén cac nguyén t6 trong mau dugc phén tich
trén phé tdn xa ning lugng tia X (Hinh 5). Phé EDX
clia mAu vat lieu NaYF,: 5%Eu®t thé hién cic dinh
déc trung cho cdc nguyén t& Na, Y, F va Eu. Ngoai
ra trén phé con c¢6 sy xudt hién dinh dic trung cua
nguyén t6 C va O, tuy nhién cudng d6 dinh rat thap
do d6 c6 thé bo qua.

987

Pac tinh phat quang cua vat liéu

Trong nghién ctiu ma ching t6i da cong b62%, phé
kich thich phat quang PLE thé hién viing phé rong
& 254 nm dic trung cho vung dich chuyén dién tich
ctia ion Eu3T. Cdc dinh hdp thu sic nét & budc song
317 nm, 360 nm, 385 nm, 395 nm, 464 nm va 525 nm
tuong ting véi dich chuyén hép thu tu trang théi co
ban 7F 1én cac trang thai kich thich SHs, 2Dy, Gy,
5Le, ° Dy va °D; chia ion Eu’t, trong d6 dich chuyén
7Fg -°Lg c6 cudng d6 hdp thu manh nhét. Két qua nay
cho théy dé kich thich vat liéu NaYF4:Eu phét quang
hiéu qua nhét can st dung budc song 395 nm d€ kich
thich truc tiép céc ion pha tap.
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Hinh 4: Anh TEM va d6 thi phan b kich thudc hat ctia (a, b) mau NaYF4 khong pha tap va (c, d) mau NaYF4:5%Eu’*
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Hinh 5: Phé EDX ctia vat liéu nano NaYF4: 5%Eu’t
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Phé quang phat quang (PL)

Ph§ PL clia cdc mau v6i ndng dd pha tap Eu’T khac
nhau (2%, 5%, 7% va 10% mol) dugc thu dudi budc
song kich thich 395 nm dugc trinh bay & Hinh 6a. D€
so sanh cudng d6 phat quang ctia cdc mau thi diéu
kién do cac mau dugc giti ¢§ dinh. Phé PL cta cac
mau déu xudt hién dinh phé & budc song 578 nm, 592
nm, 615 nm va 2 dinh kép 689-700 nm, tuong tng
véi cdc dich chuyén phat xa tu trang théi kich thich
SDg xudng cac trang thai TF 7 (7=0,1,2,4) dic trung
clia ion Eu*. M&i dinh phé déu c6 su tich thanh cic
dinh nho (trit dich chuyén 5Dy — 7Fy) chiing té cic
miic ning lugng ctia ion Eu3* bi tach thanh céc mtc
t€ vi dudi anh hudng ctia truong tinh thé xung quanh
do hi¢u ting Stark 3. Dang phé nay chi quan sat dugc
khi cac ion dét hiém phan tdn trong trudng tinh thé
clia c4c hat nano NaYE,. Néi cach khéc, cdc ion Eu™
& vi tri thay thé ion Y3 ctia mang nén. Trong cac
dich chuyén’Dy — 7F ; thidich chuyén Do — 'F
1a dich chuyén moment ludng cuc tii hdu nhu khong
thay d8i theo trudng tinh thé va dich chuyén®Dy —
7F, 1a dich chuyén moment ludng cyc dién rit nhay
véi trudng tinh thé. Vi vay, ti s6 cudng do gitta dich
chuyén dipole dién va dipole tit cho phép du dodn
dugc trudng tinh thé xung quanh cic ion Eu’t va
thudng dugc goi 1 ty s6 bat dsi xting?*. Két qua tinh
ti s6 tich phan cuong do dinh (Hinh 7) cho thdy ti s6
bat d6i xting tuong d6i nho va tang theo néng d6 pha
tap tit 1,1 dén 1,4 ing v6i phan tram Eu’™ 12 2% dén
10% mol, ching t6 mot phan ion pha tap da & trong
mang tinh thé ctia vt liéu nén?°. Nhu véy, cic ion
Eu3* khi dugc pha tap vao vét liéu NaYF, chiing c6
thé & vi tri clia YT hodc & bé mit cta hat nano tinh
thé NaYF,.

Két qua tinh tich phan cuong do phat quang chi ra
rdng cudng do phat quang ting theo néng d6 pha tap
tit 2% dén 7% mol, diéu nay dugc gidi thich la do khi
tang nong d¢ pha tap tic la ting s6 lugng tdm phat
quang dan dén ting s6 lugng photon phat ra. Tuy
nhién, khi tiép tuc ting néng d6 dén 10% mol thi
cudng do phat quang lai gidm do c¢6 sy truyén nang
lugng gitia cac ion phat quang va hiéu ing nay dugc
biét nhu hién tugng dap tit huynh quang do ndng do.
Nhu véy, ndng d6 pha tap t6i uu dé€ cho cudng do phat
quang cao nhat cta vat liéu NaYF4:Eu trong nghién
ctiu 1a 7% mol. Ngoai ra, gian d6 toa do mau CIE-
1931 (Hinh 6b) cho thdy vat liéu c6 xu hudng chuyén
tii mau cam sang do khi ting nong do pha tap. Tt cac
két qua trén cho thdy budc séng phat quang c thé
dugc diéu khién bang cach thay déi néng do pha tap.

KET LUAN

Céc hat nano tinh thé NaYF, cdu trac luc gidc pha véi
cac néng do ion Eu?t khéc nhau dugc ché tao thanh
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cong bing phuong phép nhiét dung moéi & nhiét do
180°C trong thai gian 24 gid. Cac hat nano c6 dang
hinh cau véi kich thudc hat trung binh khoang 50
nm. Khi ting néng d6 pha tap 1én dén 10% mol, ciu
triic cia mang nén NaYF, khong thay di nhungkich
thudc hat tang 1én 10%. Néng d6 tap chét c6 thé diéu
khién budGc song phit quang thay d6i tii mau cam sang
mau do. Ngoai ra, hinh dang va cudng do tuong déi
clia dinh phat quang cho th&y mét phin ion Eu3* pha
tap dé thay thé vao vi tri nut mang tinh thé cta vét
liéu nén. Cuodng d6 phit quang manh nhét ting véi
ndng d6 pha tap Eu’t 14 7% mol. V6i céc tinh chét
quang ndi bat trén, vat liéu nano NaYF4:Eu c6 nhiéu
tiém ning dugc tng dung trong cac linh vyc nhu y
sinh hoc, cong nghé in va quang dién t.
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Effect of Eu>* doping concentration on the structural and
luminescence properties of NaYF,: Eu>t nanoparticles

Le Thuy Thanh Giang"2, Cao Thi My Dung?3-*, Tran Thi Thanh Van?3

ABSTRACT
In our study, hexagonal-NaYFy4: Eu3* nanoparticles were synthesized by the solvothermal method
Rainil at 180°C for 24 hours. The typical vibrational spectrum showed the appearance of characteristic
Use your smartphone to scan this organic modes of oleic acid in the sample. The presence of elements such as Na, Y, F and Eu was in-
QR code and download this article dicated in the energy-dispersive X-ray spectroscopy (EDX). X-ray diffraction (XRD) patterns revealed
that the NaYF4 host possessed the hexagonal structure when the doping contents below 5 mol%.
At the Eu3T amount of 10 mol%, the XRD appeared additional peaks of cubic phase of NaYF4 host.
Both XRD and TEM data showed that the crystal sizes increase slightly as a function of Eu3* dop-
ing concentration. Under an excitation at 395 nm, photoluminescence (PL) spectra revealed that
the ratio of emission intensity between orange and red were controlled by changing the doping
concentration. The optimal doping concentration was about 7 mol% for achieving the highest
emission intensity. Moreover, PL data also demonstrated that a part of ions Eu3* could occupy
at Y3t sites in the crystal structure of NaYF4. Because of their outstanding luminescent proper-
ties, NaYF4:Eu nanoparticles would the potential material for applications in biomedical medicine,
optoelectronics.

"Faculty of Physics and Engineering Key words: Eu3+ doping, hexagonal, NaYF4, orange emission, red emission, solvothermal
Physics, University of Science, Vietnam

National University Ho Chi Minh City

*Vietnam National University Ho Chi
Minh City

*Faculty of Materials Science and
Technology, University of Science,
Vietnam National University Ho Chi
Minh City

Correspondence

Cao Thi My Dung, Vietnam National
University Ho Chi Minh City

Faculty of Materials Science and
Technology, University of Science,
Vietnam National University Ho Chi Minh
City

Email: ctmdung@hcmus.edu.vn

History
e Received: 2020-05-14

o Accepted: 2020-12-19
o Published: 2021-2-01

DOI : 10.32508/stdjns.v5i1.913

‘ '.) Check for updates

Copyright

© VNU-HCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

‘
. . . . 34 . .
—— Cite this article : Giang L T T, Dung C T M, Van T T T. Effect of Eu>" doping concentration on the

struc-tural and luminescence properties of NaYF,: Eu>* nanoparticles. Sci. Tech. Dev. J. - Nat. Sci.;
VNU-HCM Press 5(1):984-992.

992
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